Twenty-eight nitrogen sources (20 amino acids, 2 amide derivatives of amino acids, 4 organic nitrogen, and 2 inorganic nitrogen) were used for culture of six isolates of Diplodia natalensis and one isolate each of D. eeae, D. macrospora, Botryodiplodia theobromae, Botryosphaeria ribis, Physalospora rhodina, and a Sphaeropsis sp. Isolates were grown in synthetic liquid media and on synthetic agar media, supplemented singly with the different sources of nitrogen. Nitrogen compounds influenced mycelial growth and pigmentation, pycnidial size and orientation with respect to the substrate, presence of hairs on pycnidia, morphology of pycnidia and stromata and pycnidiospores, and exudation of the pycnidiospores. Results indicate that Diplodia and other related genera of fungi may use a wide diversity of nitrogen sources, but that the source may alter the taxonomic characters currently used to delimit this group of fungi.
INTRODUCTION
THE FIRST PAPER in this series showed that certain carbon sources influenced mycelial growth and formation of pycnidia and pycnidiospores, and altered most of the morp.hological characters of all species tested. This second paper reports results of similar studies with nitrogen sources.
With respect to nitrogen nutrition, Brown (1957) reported that mycelial growth of Boiruosphaeria ribis Gross. & Dug. was maximum when glycine and asparagine were supplied in a liquid medium. Potassium nitrate, ammonium sulfate, and ammonium nitrate supported good growth, and sodium nitrite retarded growth. Brown accounted for the fact that the fungus made some growth in the basal medium without added nitrogen by indicating that some nitrogen was transferred with the inoculum.
According to Drake and 1\loore (1967) , isolates of B. ribis grew moderately well to well on three organic nitrogen salts and on 15 different amino acids known to be commonly found in apple tissue.
MATERIALS AND METHODS
The species studied, and their isolate numbers were the same as those in the first paper: Diplodia zeae (Schw.) Lev.
1 Submitted for publication March 27, 1968. 130; D. macrospora Earle 35; D. natalensis P. Evans 6, 107, 147, 157, 213, and 230; Diplodia sp. 19 ; Botryodiplodia [631 ] theobromae Pat. 29 125-ml flasks. The pH of both BLM and BAM-A was adjusted with hydrochloric acid and potassium hydroxide before autoclaving. Plates containing BAM-A were incubated at 24°C and exposed for 8 to 9 hours daily to a fluorescent light (daylight type) of approximately 60 ft-c.
Early in the studies, we observed that light stimulated formation of pycnidia. Consequently, in experiments with BAM-B the cultures were exposed to a continuous light (Gro-Lux type) of approximately 250 ft-c for the 30 days of experimentation, after which, observations were made.
To avoid the transfer of some nitrogen with the inoculum, we grew cultures on a synthetic agar medium without nitrogen. All fungi grew satisfactorily on the BAM-A, to which they were transferred twice before being used in the experiment. The inoculum was a small disc (3 mm) of the fungus growing on BAM-A.
Nitrogen sources
The nitrogen sources were: DL-alanine, L-cysteine, L-cystine, glycine (A grade), L-isoleucine, D-Ieucine, DLmethionine, DL-serine, D-threonine, Dvaline, Lsvalino, DL-aspartic acid, DLglutamic acid, L-arginine, Db-histidine, L-Iysine, D-phenylalanine, DL-tyrosine, L-hydroxyproline, L-proline, D-tryptophane, L-asparagine, DL-glutamine, casein hydrolysate, egg albumen, gelatin, protease peptone, potassium nitrate, and potassium nitrite.
The chemicals were analytical reagent grade to meet American Chemical Society standards. Chemicals were used at 1 gm per liter except for the last six nitrogen sources, which were used at a rate of 2 gm per liter. All nitrogen sources were added before autoclaving.
The entire culture on a given plate was added to 80 ml of water and mixed for 3 to 5 minutes in a Waring Blendor. Final volume was then adjusted to 100 ml. The pycnidiospores were counted in a hemacytometer. 
RESULTS

Vegetative growth
In a liquid medium. On a dry-weight basis, the nitrogen source affected the mycelial growth of the 10 isolates grown in basal liquid media (BLM-A) alone or with anyone of the nine amino acids ( (table 3) . Thus, biotin overcame the effects of delayed growth on 13 of the 18 compounds. Over the 30-day period, however, growth on the other five compounds was also very good.
On BAM-A, the initial growth of all i.solates was slower on DL-alanine than on BAM-A alone (table 2 ). An isolate of Sphaeropsis sp. 218 was late to start growth on L-arginine, L-asparagine, Lcysteine, D-Ieucine, DL-Iysine, D-phenylalanine, and D-tryptophane. Initial growth varied greatly among the isolates on BAM-A and on each of the different nitrogen compounds (table  2) . Among the first 17 compounds, Botryodiplodia theobromae 44 grew more rapidly on only four than on BAM alone; Botryosphaeria ribis 55, however, did as well or better on 12 compounds; Diplodia natalensis 6 on nine, 107 on 10, 157 on nine, 213 on 10, and 230 on six. Physalospora rhodina 86 grew well on eight compounds. All isolates except 130 and 218 grew on BAM-A plus L-asparagine, L-proline, L-valine, casein hydrolysate, egg albumen, gelatin, protease peptone, and All species tested on BAM-A and BAM-B over the 30-day period utilized all nitrogen sources, except that isolates 130 and 218 failed to grow on potassium nitrite on BAM-A.
Pycnidia and pycnidiospore formation
Species of Diplodia and Diplodia-like fungi varied in the formation of pycnidia and pycnidiospores on different sources of nitrogen (table 4; figs. 1 to 5). The actual number of pycnidia per unit of culture area was difficult to count on some media because of the aggregation of pycnidia and their formation in columnar stromata. The relative numbers of pycnidia formed singly in aggregation and, to some extent, in stromata columns are shown as follows: (fig. 4) 
Characters of isolates in culture
Species of Diplodia and Diplodialike fungi have been differentiated by the morphological characters of mycelium, pycnidia, pycnidiospore, and stromata. Specific attention was therefore given to the effects of nitrogen nutrition on those characters, with particular attention to ones that remained unaltered. Characters traditionally described are those of isolates grown on BAM-B. Figures 1 to 5 show the gross culture appearances of isolates grown on BAM-B alone and on BAM-B plus each of the 29 nitrogen-containing amino acids and other compounds.
Mycelium. The only mycelial mats examined extensively were those of B. iheobromae 44 and D. natalensis 213. When mycelium was transferred from basal medium into media containing amino acids and other nitrogen compounds, the new mycelial growth consisted of thin, delicate, and colorless hyphae. On most of the nitrogen compounds the morphology of the hyphae appeared to be normal. On D-valine (Brown, 1957) , however, the hyphae converted into chlamydospores that were essentially swollen portions of the septate hyphae ( fig. 6, A) . Portions of hyphae enlarged, and all the protoplasm passed into them. When they reached a certain rather uniform size, the cell wall thickened and the hyphae became darkly colored. The empty hyphae appeared quite colorless. On DL-methionine and L-isoleucine the hyphae of the same isolate 44 mostly retained their shape, but numerous unilateral and terminal swellings were formed. The swellings had a thin wall and were colorless ( fig. 6, B) .
Although mycelium pigmentation was altered to some extent by the various nitrogen compounds combined with BAM-B, the range of pigmentation was not great: pale mouse-gray, mouse-gray, smoke-gray, blackish-mouse-gray, deep grayish-olive, iron-gray, and pallid quaker drab. Pycnidia. Pycnidial shape varied somewhat with nitrogen source. Simple pycnidia were typically globose with an ostiole, whereas pycnidia grouped in stromata were variable in shape. Pyenidia produced in or on the basal medium by isolates 19, 44, 147, 157, and 213 were mostly typically flask-shaped structures. Pycnidia produced by an isolate of D. zeae 130 were of two types: (1) submerged, globose, with a short ostiole; and (2) superficially globose to elliptical without noticeable ostioles. Pycnidia formed in a stromata were irregular in shape and often multiloculate ( fig. 7) .
Because single pycnidia were difficult to measure in most cultures, the smallest unit was measured-either single pycnidia or small clumps of pycnidia coalesced into stromata. The diameters of 30 fruiting-structure units (individual pycnidia insofar as could be determined) were measured on each of five cultures of each isolate on BAM-B and on the BAM-B supplemented separately with 29 nitrogen compounds. Table 5 shows the mean width of the measurements.
The size of the fruit structure varied wit.h nitrogen compound and among isolates of the same species (table 5) 
• S. M. SM = superficial; submerged; superficial and submerged. G. N. GN = grouped; not grouped; grouped and not grouped. H. NH = hairy; not hairy. D, W, DW = dry; in a wet matrix; dry and in a wet matrix.
-= not observed, or not grown on substrate.
130 had a strong tendency to produce pycnidia grouped mostly in stromata. This isolate produced single pycnidia only on BAM-B and BAM-B with added glycine, DL-tyrosine, or L-hydroxyproline. In these respects, Diplodia sp. 19 reacted like D. tuiialensis 147, producing mostly single pycnidia, with grouped and single only on DL-histidine and potassium nitrate. Orientation of the pycnidia with respect to the agar media also varied with nitrogen source (tables 6 and 7). Pycnidia were observed either submerged ( fig. 7, B, C ) or superficially on the stromata ( fig. 7, A) Release of wet or dry pycnidiospores from pycnidia varied with the nitrogen source (tables 6 and 7). With isolate 157 on BAM-B, for example, pycnidiospores were exuded dry with L-cysteine, L-isoleucine, D-Ieucine, or D-threonine, but in a wet matrix with D-valine, Larginine, or DL-histidine. Both types were observed in the same plate, however, with glycine, DL. . .methionine, DLserine, or DL-phenylalanine. With Diplodia sp. 19, pycnidiospores were extruded dry on all BAM-B with the different nitrogen compounds.
Stromata. The stromata observed in these experiments were of the two types described in the first paper of this series -columnar and globose to flat. Isolates of D. natalensis and B. theobromae formed both types, whereas D. zeae produced only short, somewhat globose stromata ( fig. 7) .
Nitrogen source influenced the production of stromata. For example, D. naiolensis 213 on BAM-B formed nonstromatic pycnidia on DL-alanine, Lcysteine, and L-cystine, but formed stromata containing fertile pycnidia on glycine, DL-serine, and DL-glutamic acid. B. iheobromae 44 produced simple pycnidia on DL-alanine, L-cysteine, glycine, and L-arginine, but produced stromata containing pycnidia on L-cysteine, L-valine, DL-asparatic acid, and gelatin.
DISCUSSION
The data show that Diplodia and Diplodia-like fungi can utilize a wide range of nitrogen-containing compounds, but with differing results. Isolates of the same species differed in growth response on the same nitrogen compound. Our results differed from those of Brown (1957) , who stated that Botryosphaeria ribis produced maximum growth in a liquid medium supplemented with glycine or asparagine. In our experiments, however, maximum dry weights were obtained with DLleucine and L-histidine, followed by glycine. DL-asparagine was one of the least effective nitrogen compounds in supporting the growth of mycelium.
The inability of certain isolates to utilize some nitrogen sources within the first few days was probably due to the slow action on nonfunction of transaminase, amino acid oxidase, or deaminase enzyme activity in the short incubation period.
The basal liquid medium A (BLM-A) contained only salts and no nitrogen. Isolates grown on BLM-A alone were slow to start but developed reasonably well. There is little question but that many of the Diplodia and Diplodia-like fungi grown on this medium obtained nitrogen from the atmosphere. This assumption cannot be definitely established, however, until carefully controlled experiments are made with tagged nitrogen. Cultures on liquid media were not held long enough to permit formation of fruiting structures. The addition of nitrogen compounds resulted in increased growth as reflected in total weight of mycelium. Diplodia zeae 130 was the only isolate of 10 grown on BLM-A, that failed to increase growth both on BLM-A and on each of the nine nitrogen compounds. That isolate, a comparatively slow-growing fungus, produced more mycelium on only five of the amino acids than it did on the BLM-A alone. Evidently D. zeae 130 does not utilize some amino acids.
Agar in basal agar medium A (BAM-A) may have served as a possible source of nitrogen, according to Leal, Gallegly, and Lilly (1967) . Growth of the different isolates on BAM-A alone was not extensive. However, the fungi did produce pycnidia and pycnidiospores on the base medium alone. Basal agar medium B (BAM-B) contained 4 ppm biotin and was perhaps a little more highly buffered than was BAM-A. The biotin may have served as an added source of nitrogen as well as having other effects on growth. Comparisons of growth effects between BAM-A and BAM-B are limited to only four isolates, 44, 157, 213, and 130 , that were grown on both basal media. Isolates 157 and 213 grew more rapidly onBAM-B than on BAM-A, isolate 44 grew about equally on both, whereas isolate 130 grew more slowly on BAM-B.
Growth, as measured in colony diameter at three days, was generally more on each of the compounds added to BAM-B than on those added to BAM-A. A comparison of colony diameters of isolates 44,157, and 213 grown on BAM-A and BAM-B, both with the same 23 nitrogen compounds, shows that the mean colony diameters of each isolate on all compounds were, respectively, 7, 8, and 10 mm more on BAM-B than on BAM-A. Apparently, the presence of biotin in BAM-B was beneficial to growth of these fungi.
Five species of Diplodia and related genera (isolates 6, 35, 55, 107, and 230) did not produce pycnidia on any of the nitrogen compounds. Some of these same isolates (e.g., 230), however, produced fruit structures and spores on carbon compounds (see first paper). This may have been due to the fact that certain compounds required for sporulation were not produced by the isolates on the specific nitrogen source. Mix (1933) reported that the source of nitrogen influenced the formation of pycnidia and spores of Phyllosticta solitaria Ell. & Ev. The specificity of the nitrogen source was found to be greater for the production of spores than for the formation of pycnidia. Also, different isolates of this fungus responded differently to the various nitrogen sources. Of the various compounds tried, the most favorable for sporulation seemed to be potassium nitrate, with albumen second; asparagine and peptone seemed somewhat less favorable. Our results do not differ in principle from those of Mix (1933) . That is, different isolates of the same fungus respond differently to the same medium.
The morphological characters of the mycelium, pycnidia, pycnidiospores, and stromata were unstable as a result of influence by the different nitrogen compounds. Such characters, therefore, are of little value in identifying Diplodia-like fungi except, perhaps, when the isolates are grown on a standard medium.
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